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Abstract 

Background: Cobalamin and folate are essential micronutrients and are important in DNA and RNA synthesis, cell 
proliferation, growth, hematopoiesis, and cognitive function. However, data on cobalamin and folate status are lacking 
particularly from young children residing in low and middle income countries. 

Objective: To measure cobalamin and folate status and identifies their predictors among 6 to 35 months old children 
presenting with acute diarrhea. 

Design: This was a cross-sectional study in 823 children presenting with acute diarrhea. We measured plasma cobalamin, 
folate, methylmalonic acid and total homocysteine who sought treatment for acute diarrhea between June 1998 and 
August 2000. 

Resuits:The mean (SD) plasma concentrations of cobalamin, folate, total homocysteine and methylmalonic acid were 206 
(124) pmol/L, 55 (32) nmol/L, 1 1.4 (5.6) |imol/L and 0.79 (1.2) |xmol/L, respectively. The prevalence of low plasma cobalamin 
(<150 pmol/L) was 41% but less than 2% (15) children had low folate concentration (<10 nmol/L). Plasma homocysteine 
and methylmalonic acid concentrations were negatively associated with cobalamin concentration but not associated with 
folate status. The prevalence of cobalamin deficiency was higher in breastfed than non-breastfed children (44% vs 24%; 
p = <0.001 ). The prevalence of hyperhomocysteinemia (> 1 0 (xmol/L) and elevated methylmalonic acid (>0.28 |imol/L) were 
73% and 52%, respectively. In the regression analyses, the plasma cobalamin concentration was positively associated with 
age, and introduction of animal or formula milk. 

Conclusions: Our study indicated that poor cobalamin status was common particularly among breastfed children. Folate 
deficiency was virtually none existent. Possible consequences of cobalamin deficiency in young children need to be 
explored. 
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Introduction 

Cobalamin and folate are essential nutrients for young children 
and is important for DNA and RNA synthesis, cell proliferation 
growth, hematopoiesis and cognitive function. Recent studies 
suggest that deficiencies of these nutrients are common in young 
children [1,2]. However, the status of cobalamin and folate in 
many low and middle-income countries (LMIC) including Nepal is 
still not known. 

The main source of vitamin B 1 2 is animal-derived foods, which 
are expensive and for cultural and religious reasons often not eaten 
at all [3] . The recommended daily allowances (RDA) of cobalamin 



for young children range form 0.5-0.9 u.g/day [4] which is not 
possible to obtain from a stricdy vegetarian or lacto-vegetarian diet 
[5,6]. On the other hand, folate is abundant in vegetarian based 
diets such as in lentils, beans and green vegetables [7]. 

Deficiencies of both folate and cobalamin can result in an 
increase in the total homocysteine (tHcy) concentration [8] which 
is associated with an increased risk for abortion, birth defects, low 
birth weight [9,10] and cardiovascular diseases [11]. Cobalamin 
deficiency also leads to an elevation in methylmalonic acid (MMA) 
concentration due to its role in the conversion of methylmalonyl 
CoA to succinyl CoA [7,8]. Early stages of cobalamin and folate 
deficiencies can be detected by analyzing MMA and tHcy 
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Screened: 

Children aged 6-35 months 
with acute diarrhea (n=2053) 






Excluded: 

11 No ron^pnt= 20 

2) Duration of diarrhea > 4 days =122 

3) Received large dose of vitamin A in 
last 4 weeks = 9 

4) Planned to move from study area = 4 

5) Previously enrolled = 95 

6) Severe illness requiring 
hospitalization =11 








Enrolled in main study: 
WHO defined diarrhea & 
assigned to zinc or placebo 
group (n = 1792) 







Failure to blood sampling = 35 



Baseline venous blood 
specimen were obtained (n 
= 1757) & 852 selected for 
cobalamin and folate 
analysis 



Insufficient blood for analysis of 
cobalamin & folate=29 and metabolic 
markers = 31 



Plasma 
cobalamin 
(n = 823) 



Plasma 
folate 
(n=823) 



Plasma 
MMA 
(n = 819) 



Plasma 

tHcy 
(n = 819) 



Figure 1. Flow chart of recruitment of children, blood sampling and analysis. 
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concentrations. Megaloblastic anemia occurs in both of these 
vitamin deficiencies but usually only when it is more pronounced. 
Cobalamin deficiency may also cause neuro-psychiatric disorders 
and result in cognitive impairment [12,13]. 

In an antenatal clinic based study from Kathmandu valley, 6 1 % 
had elevated serum MMA, and 49% had low serum cobalamin 
concentration [14]. Similar findings were also observed among 
non-pregnant women of reproductive age in Bhaktapur [15] and 
in a study in southern Nepal [16]. The cobalamin status was found 
poor in infants whose mothers consumed a predominandy 
vegetarian diet, as maternal cobalamin status is reflected in the 
breast milk [17-19]. The common staple diet in Nepal particularly 
for young children is mostly vegetarian and seldom includes meat 
or meat products [20] . There are few population-based studies in 
LMIC that include tHcy and MMA to assess cobalamin and folate 
status. In this paper, we report cobalamin and folate status and its 
predictors in children 6-35 months of age with acute diarrhea 
residing in the peri-urban Bhaktapur community in Nepal. All 
children residing in the defined area, who had diarrhea, and in the 
right age range were eligible for participation. 

Subjects and Methods 

Study site and population 

The study was conducted in Bhaktapur municipality and its 
surrounding suburbs, which is located 1 5 km east of the capital 



Kathmandu. Bhaktapur is situated about 1400 meter above sea 
level and there is a cold and dry winter from November to March, 
the summer months are generally hot and humid, and the autumn 
is relatively warm. The municipality has approximately 84,000 
inhabitants; Bhaktapur is the most densely populated district in 
Nepal [21]. The local people mostly practice Hinduism or 
Buddhism and about 88% belong to the Newar ethnic group 
and are mainly engaged in work related to agriculture. In the study 
area, there are some migrants mainly belonging to the Tamang 
and Lama ethnic groups, most of them work in the carpet 
factories. Rice is the main staple food in this community and 
grown on their own land whereas consumption of lentils and green 
or dry vegetables varies with season. Although most of the people 
in the study are non-vegetarian, consumption of meat products is 
rare and depends on availability, which may be occasionally 
higher during festivals and ceremonies. The recruitment of study 
subjects was done in Siddhi Memorial Children's Hospital, which 
is a non-profit private organization providing 24-hour pediatric 
services in this community. 

Study design 

This was a cross-sectional study and included children 6 to 35 
months with acute diarrhea, participating in a double blind 
randomized clinical trial, aimed to measure the effect of zinc 
administration during an episode of diarrhea [22]. The study was 
conducted from June 1998 to September 2000. Children were 
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Table 1. Variables assessed in the multivariable linear regression models measuring predictors for plasma folate, cobalamin, 
homocysteine, or methylmalonic acid in 823 Nepalese children 6 to 35 months of age. 





Variables 


Continuous 


Categorical 


Breastfeeding 




yes/no 


Age 


months 


Infants: yes/no 


Age x breastfeeding interaction 




Breastfeeding: yes/no 


Gender 




male/females 


Living in joint families 




yes/no 


Members in the household 


number 




Years of schooling, mother 


Years 


school: yes/no 


Years of schooling, father 


Years 


school: yes/no 


Weight for age Z score (WAZ) 


Z scores 


<-2 WAZ: yes/no 


Weight for length Z score (WHZ) 


Z scores 


<-2 WHZ: yes/no 


Height for age Z score (HAZ) 


Z scores 


<-2 HAZ: yes/no 


Maternal age 


Years 




Paternal age 


Years 




Ownership of land 




yes/no 


Stool frequency 


Number, past 24 hours 




Animal or formula milk use regularly 




yes/no 


Introduction of semi-solid or solid foods 




yes/no 


Season 




three categories 


Dehydration 




yes/no 



doi:1 0.1 371 /journal.pone.0090079.t001 



identified through weekly surveillance or spontaneous visits to our 
field clinic and were screened by a physician. Diarrhea was defined 
according to the WHO guidelines as a passage of three or more 
loose or watery stools in past 24 hours with a recent change in 
stool consistency. A total of 1,792 eligible children were enrolled in 
the main study and informed written consent was obtained from 
one of the parents. Baseline venous blood was collected from 1,758 
children before initiation of the intervention. We randomly 
selected approximately half of the enrolled children (852) for 
analysis of folate and cobalamin status. The current analysis is 
based on 823 children from whom we had obtained sufficient 
amounts of blood to analyze plasma cobalamin, folate, MMA and 
tHcy concentrations. Exclusion criteria and selection of subjects 
for cobalamin and folate status are shown in Figure 1. 

Data collection and blood sampling 

All baseline and morbidity information was recorded on the day 
of enrollment. The children were weighed using a scale to the 
nearest 100 g (Salter, SECA, Germany) and length or height was 
measured using a locally made length board to the nearest ± 
0. 1 cm. A study physician collected blood from each child's cubital 
vein into heparinized polypropylene tubes (Monovette; Sarstedt, 
Numbrecht, Germany), mainly between 9 AM and 1 PM. The 
hemoglobin concentration was measured with a HemoCue® Hb 
20 1 + hemoglobinometer (HemoCue AB, Angelholm, Sweden) 
immediately after blood sampling according to the manufacture's 
instruction. The blood was then centrifuged at 760 xg for 10 min 
in room temperature, and plasma was divided into polypropylene 
vials (Eppendorf, Hinz, Germany) and wrapped immediately by 
aluminum foil to prevent from light and stored at — 40°C until 
transfer to Norway on dry ice for analysis. Then the specimens 
were stored at — 70°C for 3-4 years and analyzed at the 
pharmacology laboratory, Oxford University, UK. After thawing, 



cobalamin and folate (n = 823) were analyzed by microbiological 
assays using a chloramphenicol-resistant strain of Lactobacillus 
casei and colistin sulfate-resistant strain of Lactobacillus leichmannii, 
respectively [23,24]. These assays were adapted to a microtiter 
plate format and carried out by a robotic workstation [25]. Plasma 
concentrations of MMA and tHcy (n = 8 1 9) were analyzed by a 
modified gas chromatography-mass spectrometry method based 
on ethylchloroformate derivatization [26]. Total homocysteine was 
analyzed by using commercial kits from Abbott Laboratories [27]. 

Definitions 

We used the WHO definitions of cobalamin and folate 
deficiency which is < 1 50 pmol/L of plasma cobalamin and < 
10 nmol/L of plasma folate [28]. We defined marginal cobalamin 
deficiency as being present when the concentration was between 
150 to 200 pmol/L. There are no reference limits available tHcy 
and MMA in children. So we defined hyperhomocysteinemia 
when plasma tHcy concentration was > 1 0 umol/L and elevated 
methylmalonic acid when the plasma MMA concentration was > 
0.28 umol/L. Hemoglobin concentration was adjusted on altitude, 
as partial pressure of oxygen is decreased in the higher altitude. 
Thus, we added 0.3 g/dL to the standard cut off values of Hb for 
the 1 400 meter altitude of the study area thus anemia was defined 
as having Hb concentration < 11.3 g/dL [29]. 

Data entry and statistical analysis 

All forms were checked manually by supervisors and physicians 
for completeness and consistency. The data was then double 
entered into Microsoft Visual FoxPro databases with computer- 
ized logic, range and consistency checks. Weight for age, length/ 
height for age, and weight for length/height Z-scores were 
calculated using the most recent WHO growth charts [30]. 
Statistical analyses were undertaken using Stata®, version 1 0 (Stata 
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Table 2. General and clinical characteristics of 823 study children with acute diarrhea in Bhaktapur, Nepal. 





Characteristics 


Values 1 


Mean age of child in months, (SD) 


15.7±7.6 


Boys 


465 (56) 


Breastfed 


673 (82) 


Animals or formula milk fed 


279 (34) 


Semisolid or solid food 


791 (96) 


Living in joint family 


457 (56) 


Ownership of land 


596 (72) 


< -2 Z-score weight for age 


210 (25) 


< -2 Z-score length/height for age 


282 (34) 


< -2 Z-score weight for length/height 


81 (10) 


Mean age of mother in year 


25 (4.6) 


Mean schooling of mother in year, (SD) 


2.6±3.4 


Mean schooling of father in year, (SD) 


6.7±3.6 


History of fever in last 24 hour prior to enrollment 


236 (29) 


Body temperature >100°F 


69 (8) 


History of cough and or difficulty breathing in last 24 hour prior to enrollment 


322 (39) 


Mean duration of diarrhea before enrollment, days (SD) 


3.1+1.1 


Children with blood in stool in last 24 hour prior to enrollment 


99 (12) 


Children with dehydration according to WHO/IMCI 


93 (11) 


Mean plasma cobalamin (pmol/L) (SD) 


206±125 


Mean plasma folate (nmol/L) (SD) 


55±32 


Mean plasma total homocysteine ((imol/L) (SD) 


11.4±5.6 


Mean plasma methylmalonic acid (^mol/L) (SD) 


0.79 ±1.2 


Mean hemoglobin (g/dL) 2 (SD) 


11.1 ±1.1 


Anemia 3 (hemoglobin <11.3 g/dL) 


352 (52) 



1 Values are number (%) unless otherwise mentioned. 2 Hemoglobin was measured from 674 subjects. 
3 Altitute adjusted hemoglobin cut off value. 
doi:1 0.1 371 /journal.pone.0090079.t002 



Corp, College Station, TX). We presented mean, median or 
interquartile ranges (IQR) of cobalamin, folate, tHcy and MMA 
according to age group and breastfeeding status. We used chi 
square to test differences in prevalence between groups. Spearman 
rank correlation analyses was used to measure crude associations 
between plasma concentrations of cobalamin, folate, MMA and 
tHcy. A P value of <0.05 was considered to reflect statistical 
significance. Simple and multiple regression analyses were used to 
examine the associations between the dependent variables 
(cobalamin, folate, MMA and tHcy) and different independent 
variables. The variables listed in Table 1 including breastfeeding 
status (yes or no), age, maternal and paternal age and education, 
weight for age, length/height for age and weight for length/height 
Z-scores, family size, ownership of land, loose or watery stool, stool 
frequency, dehydration and intake of milk and other foods etc. 
were included in the initial assessments. We used a stepwise 
process to select the variables for the final model using cut off of P 
value <0.15 as described elsewhere [31]. The interaction between 
various potential predictors on markers of cobalamin and folate 
status was also analyzed by inclusion of interaction terms in the 
multiple regression models. We also assessed the linearity between 
the continuous independent (listed in Table 1) and dependent 
variables in the regression models using generalized additive 
models in R (http://www.r-project.orgj adjusting for the same 
variables as in the multiple linear regression models. 



Ethical considerations 

The study had ethical clearances from the Nepal Health 
Research Council, Kathmandu. The implementation of all aspects 
of the project was in agreement with the International Ethical 
Guidelines for Research Involving Human Subjects as stated in 
the latest version of the Helsinki Declaration. Informed written 
consent was obtained from at least one of each child's parents. 

Results 

The baseline characteristics of the study population are 
presented in Table 2. A total of 823 children were included for 
cobalamin and folate biomarker analyses; the mean age was 15.7 
months and 465 (56%) were boys. Most of the children [673 
(82%)] were breastfed at the time of enrollment and more than 
half were living in joint families [457 (55.5%)]. The prevalence of 
stunting, underweight, and wasting (<-2 Z score of length or 
height for age, weight for age and weight for length or height) were 
34%, 25% and 10% respectively. About half (52%) of the 674 
children in whom we measured hemoglobin concentration had 
anemia. The mean duration of diarrhea before enrollment was 3.1 
days, 1 1 % children had some signs of dehydration and 1 2 % 
children had dysentery. Sixty-nine children (8.3%) had fever 
(axillary temperature >100°F) and 322 (39%) children had cough 
and/ or difficult breathing. 
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Table 3. Plasma cobalamin, folate, methylmalonic acid and total homocysteine concentrations in different age groups according 
to breastfeeding status of the study children in Bhaktapur, Nepal. 



Breastfed Not breastfed 



Age (months) Age (months) 



06 to 11 12 to 23 24 to 35 06 to 1 1 12 to 23 24 to 35 



Cobalamin 


Median (pmol/L) 


147 


181 


195 


379 


231 


231 


IQR (pmol/L) 


103-239 


119-264 


128-253 


314-399 


159-349 


148-306 


Number 


315 


318 


40 


6 


24 


120 


Folate 


Median (nmol/L) 


65.6 


49 


29.7 


35.5 


30.78 


20.6 


IQR (nmol/L) 


46.6-93.0 


35.2-70.2 


1 6.5-47.0 


1 1 .8-48.8 


1 7.8-43.2 


13.6-32.7 


Number 


315 


318 


40 


6 


24 


120 


Methylmalonic acid 


Median (nmol/L) 


0.52 


0.42 


0.42 


0.42 


0.49 


0.38 


IQR (nmol/L) 


0.3-1.0 


0.2-0.8 


0.2-0.7 


0.3-0.6 


0.3-0.6 


0.3-0.6 


Number 


310 


319 


40 


6 


24 


120 


Total homocysteine 


Median (nmol/L 


12.4 


10 


9.6 


7.2 


7.4 


7.3 


IQR (nmol/L) 


9.2 -15.7 


7.5-13 


7.4-13 


5.3-8.2 


5.8-9.2 


6.0-9.4 


Number 


310 


319 


40 


6 


24 


120 
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Plasma cobalamin, folate and their metabolic markers 
according to age group and breastfeeding status 

The mean (SD) cobalamin, folate, total homocysteine and 
methylmalonic acid concentrations were 207 (125) pmol/L, 55 
(32) nmol/L, 11.4 (5.6) umol/L and 0.79 (1.2), umol/L 
respectively. The median (interquartile range; IQR) cobalamin 
concentration was lower in breastfed (147; 103-239 pmol/L) than 
in non-breastfed children (379; 314-399 pmol/L) among 6-11 
months old infants (p = 0.003). In the same age group, the median 
(IQR) folate was higher in breastfed (65.6; 46.6-93.0 nmol/L) 
than in non-breastfed (35.5; 22.8-48.8 nmol/L; p = 0.005) infants 
and it declined with increasing age. The median plasma MMA 
and tHcy concentrations were also higher among those who were 
breastfed than in those who were not (MMA of 0.52 vs 0.42 umol/ 
L, /; = 0.007 and tHcy of 12.4 vs 7.2 nmol/L, />=<0.001) 
(Table 3) 

Proportion who were cobalamin or folate deficient 
(Table 4) 

Low cobalamin concentration (< 150 pmol/L) was found in 
40.7% (335) and 56% had plasma cobalamin <200 pmol/L. 
Forty four percent (299) of the breastfed and 24% (36) of the non- 
breastfed children had a cobalamin concentration < 1 50 pmol/L. 
The mean tHcy and MMA concentrations were also higher in 
those with low cobalamin than in those with adequate plasma 
cobalamin concentration (13.2 vs 9.1 umol/L, p = <0.001 and 1.0 
vs 0.5 umol/L, p = <0.001 respectively). None of the children had 
a plasma folate concentration <5 nmol/L and only 15 children 
(2%) had a folate concentration of <10 nmol/L. Most of the 
children (n =14) with low folate were more than one years old. 
Only one (0.3%) child had both a cobalamin concentration < 
150 pmol/L and a folate concentration <10 nmol/L. 



The associations between plasma tHcy or MMA and cobalamin 
are depicted in Figure 2 and 3. The cobalamin concentration 
was negatively associated with MMA (r = —035,p= <0.001) and 
tHcy (r = -0.47, p = <0.00 1] . The graphs indicate that MMA and 
tHcy levels start to rise when the cobalamin concentration drops 
below 150-200 pmol/L. 

Predictors for cobalamin and folate status 

The results from the multiple linear regression analyses 
(Table 5) show that the plasma cobalamin concentration was 
significandy higher in non-breastfed children [adjusted mean 
difference 29.7 (95% CI: 0.27, 59.2) pmol/L] and positively 
associated with age [adjusted mean difference 2.0 (95% CI: 0.3, 
3.4) pmol/L]. It was higher in children whose parents did not own 
land and in children who were dehydrated at enrollment. The 
concentration of plasma cobalamin was lower in those who did not 
consume animal or formula milk compared to those who did 
[adjusted mean difference -43.0 (95% CI: -60.8, -25.1) pmol/ 
L] . The plasma folate concentration was negatively associated with 
age but in breastfed children only lp for interaction 0.002). The 
folate concentration was higher in those who did not consume 
animal or formula milk regularly [adjusted mean difference 8.6 
(95% CI: 4.6, 12.5) nmol/L] and it was lower by - 10.2 (95% CI: 
— 16.1, —4.4) nmol/L in non-dehydrated children compared to 
those who were dehydrated. We also found a significantly higher 
plasma folate concentration during the spring season [adjusted 
mean difference 7.3 (95% CI: 3.3, 11.5) nmol/L] than in the 
summer. MMA concentration was negatively associated with age. 
Plasma tHcy was also negatively associated with age, however, 
only in breastfed children (p interaction <0.001) and it was lower 
in the spring than during the summer. Both cobalamin and folate 
and their metabolic markers were not significantly associated with 
anthropometric measurements or with clinical parameters listed in 
Table 1. 



PLOS ONE | www.plosone.org 



5 



March 2014 | Volume 9 | Issue 3 | e90079 



Cobalamin and Folate Status in Children 



Table 4. Cobalamin and folate concentrations in the study children according to age, gender, breastfeeding status and their 
metabolic markers. 1 





Characteristics 


Plasma cobalamin (pmol/L) 






Plasma folate (nmol/L) 






<150 


1 50-200 


>200 


P value 2 


<10 


>10 


lvalue 2 


Total children 


335 (40.7) 


129 (15.7) 


359 (43.6) 




15 (1.8) 


808 (98.2) 




Age 


6-11 months 


163 (48.6) 


43 (33.3) 


1 1 5 (32.0) 


-C0.001 


1 (6.7) 


320 (39.6) 


<0.001 


12-35 months 


172 (51.4) 


86 (66.7) 


244 (68.0) 




14 (93.3) 


488 (60.4) 




Gender 


Male 


1 93 (57.6) 


80 (62.0) 


192 (53.5) 


0.2 


1 0 (66.7) 


455 (56.3) 


0.4 


Female 


142 (42.4) 


49 (38.0) 


167 (46.5) 




5 (33.3) 


353 (43.7) 




Breast feeding status 


Breastfed 


299 (89.3) 


107 (83.0) 


267 (74.4) 


-C0.001 


4 (26.7) 


669 (82.8) 


<0.001 


Non-breastfed 


36 (10.7) 


22 (17.0) 


92 (25.6) 




11 (73.3) 


139 (17.2) 




Plasma folate 


<10 nmol/L 


1 (0.3) 


2(1.5) 


12(3.3) 


0.01 








>10 nmol/L 


334 (99.7) 


127(98.5) 


347(96.7) 










Plasma cobalamin 


<150 pmol/L 










1 (6.7) 


334 (41.3) 


0.007 


>150 pmol/L 










14 (93.3) 


474 (58.7) 




Plasma tHcy 3 


14.0±6.4 


11.9+5.7 


9.1 ±3.7 


<0.001 


9.7 ±4.5 


11.4±5.7 




>10 |imol/L 


240 (72.3) 


62 (48.4) 


127(35.5) 


-C0.001 


8 (53.3) 


384 (47.8) 


0.6 


<10 (imol/L 


92(27.7) 


66 (51.6) 


231(64.5) 




7(46.7) 


419 (52.2) 




Plasma MMA 3 


1.0+1 5 


0.7±1.2 


0.5 ±0.6 


-C0.001 


0.7 ±0.4 


0.8 ±1.2 




>0.28 nmol/L 


280 (84.7) 


95 (74.2) 


223 (62.3) 


<0.001 


13 (86.7) 


585 (72.8) 


0.2 


<0.28 nmol/L 


52 (15.3) 


33 (25.8) 


135 (37.7) 




2 (13.3) 


218 (27.2) 





^Values are number (%) unless otherwise mentioned 
2 P values were obtained from Chi-square test or t-test 
3 Plasma tHcy and MMA were analysed from 819 subject. 
doi:1 0.1 371/journal.pone.0090079.t004 



Discussion 

We assessed cobalamin and folate status and identified their 
predictors in 6-35 months old Nepalese children with acute 
diarrhea. We found that poor cobalamin status was affecting almost 
one in every second child, which was more common in breastfed 
than in non-breast infants. Similar findings have been reported from 
studies conducted in India [2] and in other countries [32-34] . Infants 
who consumed animal or formula milk had higher plasma 
cobalamin concentrations than those who didn't, as was observed 
among Norwegian healthy children who were given animal milk 
[32]. This is most likely because the content of cobalamin in animal 
milk is 10 times higher than in breast milk [35]. Animal milk, 
particularly buffalo or cow's milk, or in the form of milk-tea (diluted 
with water) is given to infants in our community from 6-7 months of 
age [20] but the practice may vary according to culture and the 
socio-economic status of the family. Further, cobalamin status of 
newborns and infants are positively associated with the breast milk 
concentration [5]. Specker et al. also reported that the cobalamin 
concentration in breast milk was positively correlated with maternal 
serum cobalamin concentrations which were lower in strict 
vegetarian women than in women on omnivorous diets [17]. In 
the current study, we didn't collect blood samples from die mothers; 
neither did we collect any dietary information or details on exclusive 
breastfeeding. However, in a previous study among women from the 
same community, we found that 83% had poor cobalamin status, as 
reflected in high MMA and low cobalamin concentration in plasma, 



and that 69% of the women consumed < 1 |Ag of cobalamin per day 
[15] which is ~50% of the RDA [4]. The poor cobalamin status 
observed in our study population is probably due to low cobalamin 
content in complementary food and/ or poor cobalamin status of the 
mothers. Other contributing factors might be gastro-intestinal 
infections such as giardiasis which is common in developing 
countries and found in association with cobalamin deficiency [36] . 

The median plasma folate concentration in this study was 
48.7 nmol/L which is approximately twice as high as in a study of 
a similar age group children in New Delhi [2] and it is interesting 
to note that none had plasma folate <5 nmol/L, the cut off which 
is frequendy used to define folate deficiency [37] indicating that 
folate deficiency is not a problem in this population. In 
concordance with earlier findings [2,32,38], we also found higher 
plasma folate concentrations in breastfed and in children aged 6— 
1 1 months compared with older and non-breastfed children. In 
our study population, the low prevalence of folate deficiency may 
be due to the high proportion of breastfed children. The folate 
concentration is high in breast milk [39] which is, to a large extent, 
independent of folate status of the mother [40]. It may also be due 
to frequent consumption of foods like cereals, legumes and green 
leafy vegetables, which are rich sources of folate. We found that 
the mean plasma folate concentration was higher in the spring 
compared to in the summer season. This could be due to several 
factors, including that this season carries a relatively good 
availability of green leafy vegetables. In contrast to plasma 
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Figure 2. Association between plasma cobalamin and total homocysteine (tHcy) and methylmalonic acid (MMA) concentrations. 

The graphs were made by using generalized additive models in R. The upper and lower horizontal lines represent 95% CIs of regression line. The 
small bars on the x-axis show the distribution of individual observation and the vertical lines indicate the 25 th , 50 th and 75 th percentiles of the plasma 
cobalamin. 

doi:1 0.1 371 /journal.pone.0090079.g002 
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Figure 3. Association between plasma cobalamin and methylmalonic acid (MMA) concentrations. The graphs were made by using 
generalized additive models in R. The upper and lower horizontal lines represent 95% CIs of regression line. The small bars on the x-axis show the 
distribution of individual observation and the vertical lines indicate the 25th, 50th and 75th percentiles of the plasma cobalamin. 
doi:1 0.1 371 /journal.pone.0090079.g003 
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Table 5. Predictors for plasma cobalamin, folate, methylmalonic acid & total homocysteine concentrations among Nepalese 
children with acute diarrhea in Bhaktapur, Nepal. 



Variables 



Plasma cobalamin (pmol/L) Plasma folate (nmol/L) 



Methylmalonic acid (umol/L) Homocysteine (umol/L) 



Coeff* 95% CI 



P-va\ue Coeff* 95% CI 



lvalue Coeff* 95% CI 



P-value Coeff* 95% CI 



/Mfalue 



Breastfeeding status 
Yes 

No 29.7 

Age 2.0 

Age in breast fed 

Age in non-breastfed 

Age and 

breastfeeding 

interaction 

Ownership of land 

Yes 

No 27.5 
Dehydration 



Yes 
No 

Use of animal or 



formula milk 



Yes 
No 

Seasons of enrollment 



Jun-Sept 

Oct-Jan 

Feb-May 



(0.27, 59.2) 
(0.3, 3.4) 



0.04 
0.01 



(9.0, 46.0) 



0.003 



-28.0 (-54.1, -1.9) 0.03 



-1.96 
-0.61 
1.3 



43.0 (-60.8, -25.2) <0.001 8.6 



0.07 
7.3 



Interaction 

Interaction 

(-2.3, -1.6) <0.001 

(-1.4,0.15) 0.12 

(0.5, 2.1) 0.002 



-10.2 (-16.1, -4.4)0.001 



(4.6, 12.5) <0.001 



(-5.0, 4.8) 
(3.1, 11.5) 



0.9 
0.001 



-0.01 (-0.03, -0.001) 0.04 



0.21 



(0.02, 0.4) 



0.02 



) (-0.24,0.18) 0.8 

-0.18 (-0.37, -0.004) 0.04 



-0.24 

0.04 

0.27 



1.34 



-1.92 
-1.19 



Interaction 
Interaction 

(-0.31, -0.2) <0.001 

(-0.11,0.19) 0.6 

(0.11,0.43) <0.001 



(0.5, 2.1) 



0.001 



(-2.8, -0.95) -C0.001 
(-2.0, -0.36) 0.005 



* Adjusted regression coefficient and P values obtained from linear regression model adjusted for the variables included in this table, R square values of plasma cobalamin, 
folate, tHcy and MMA are 0.083, 0.30, 0.15 and 0.02, respectively. 
doi:1 0.1 371 /journal.pone.0090079.t005 



cobalamin concentration, which reflects cobalamin intake over a 
long period of time, the plasma folate levels reflect recent dietary 
intake. Red blood cell folate status is recommended to reflect folate 
intake in individuals over extended periods of time [41]. However, 
we believe that this will not affect the overall mean folate status but 
can lead to unnecessary variability of the folate status indicator. It 
is also possible that the high folate concentration is due to the 
"folate trap" mechanism where the plasma concentration of folate 
is high because of poor cobalamin status [42] . 

Strengths and Limitations 

The main strength of the current study was its large sample size 
and that the data collection spanned over more than two years, 
including three hot and wet seasons. We also included measure- 
ments of the functional metabolic markers of cobalamin MMA 
and tHcy [43]. Our study included children with acute diarrhea, 
which is a selected child population. Incipient dehydration due to 
diarrhea at the time of blood collection may change the 
concentration of the biomarkers. In this study, 1 1 % of the 
children had mild to moderately dehydration at the time of blood 
sampling, and we found that cobalamin and folate concentration 
were slightly higher in dehydrated children probably due to 
hemoconcentration. Also the use of non-fasting blood specimen 
may lead to under estimation of prevalence of folate deficiency. So 
the prevalence of cobalamin and folate deficiency among 
otherwise healthy children without dehydration might be even 



higher than our findings from children with acute diarrhea. 
Although, there were not any degradation of plasma MMA and 
tHcy, plasma folate concentration was degraded by 3% per year 
while storing at freeze [44]. Our plasma samples were stored for 
3-4 years indicating that our estimate of plasma folate could be 
lower by 10-15% compared with the baseline values. We did not 
have all ages equally represented. Most of our study children were 
between 6-24 months old and breastfed (82%). The concentra- 
tions of these vitamins were associated with age, and our 
prevalence estimates might accordingly have been somewhat 
different if all ages were represented equally. 

These limitations need to be kept in mind when drawing 
conclusions on the status of these vitamins in the general child 
population; however, we did not find any significant association of 
plasma cobalamin and folate with the duration and numbers of 
loose or watery stool. Nor did we observe any significant 
association with dysentery or vomiting episodes (data not shown). 
We did not obtain detailed information on dietary intake, 
exclusive breastfeeding pattern, the use of folic acid supplements 
by children and mother. Nor we were able to measure vitamin B6 
which also can influence tHcy concentration [45]. Dietary intake 
may vary in different regions and in different ethnic groups. This 
information would have been useful for improving the interpre- 
tation of our findings. 
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Generalizability 

Our findings are to a certain extent generalizable to young 
children in other low-income countries with similar socio- 
economic conditions, and where the food habits are comparable. 
The present study was clinic based and included children with 
acute diarrhea. Most of the people in this study were from the 
Newar ethnic group and were non-vegetarian although regular 
intake of meat and fish was not common. Therefore we are 
uncertain whether or not our findings of prevalence of cobalamin 
deficiency can be generalized to all children and other parts of 
Nepal where the dietary habits may differ [46]. However, we 
believe that cobalamin deficiency is more prevalent in other 
communities of Nepal where vegetarian based foods are predom- 
inantly consumed. In a previous study, women belonging to the 
Chhetri ethnic group had significantly higher tHcy, MMA and 
lower cobalamin compared to the Newars [14]. 

Conclusions 

Cobalamin deficiency was common in children with acute 
diarrhea in this community, suggesting that this may represent a 
health problem. Breastfed infants had the highest prevalence of 
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need to be undertaken in order to expand on these findings and to 
explore consequences of poor and sub-optimal cobalamin status. If 
these finding are confirmed in other parts of Nepal, it may be 
justified to consider including cobalamin supplementation in a 
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